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(54) ON-VEHiCLE AIR CONDITIONER 



(57) The present invention concerns ian on-vehicle 
air-conditioner, resolving problems of the prior art, and 
allowing to perfomn cooling, heating, dehumldlfication or 
others efficiently even for vehicles of low waste heat, 
such as hybrid cars talcing electricity and gasoline as 
energy source, idle stop coping cars or battery cars tak- 
ing only electricity as energy source, or other vehicles, 



by cooling by loading a refrigeration circuit, using for ex- 
ample CO2 refrigerant, and provided with an electrically 
driven two-stage compression system compressor, and 
at the same time, installing a refrigerant heat exchanger 
for cooling the refrigerant compressed in the first stage 
in a way to exchange heat with the car interior air, and 
using conveniently also for heating together with the 
heat of the cooling water for cooling the engine. 
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Description 

Field of the Invention 

[0001] The present invention concerns an on-vehicle 
air-conditioner used for vehicles of low waste heat such 
as hybrid cars using electricity and gasoline as energy 
source, idle stop coping cars, or others. 

Background Art 

[0002] Ordinary vehicles travel taking the power out 

of an internal combustion engine using gasoline as fuel, 
and such vehicles have an on-board refrigeration circuit, 
and the cooling Is performed by evaporating refrigerant 
in an evaporator for periorming the cooling, and cooling 
the car interior air by the generated cold heat. 
[0003] In addition, the heating is performed by heating 
the car interior air by the heal of the cooling water for 
cooling the engine. 

[0004] Nonetheless, as such vehicles take out the 
driving force through combustion of gasoline or others, 
the control or -regulation of hazardous materials con-, 
talned in the exhaust gas thereof comes to be desired 
zealously. 

[0005] Moreover, conventionally, as refrigerant for 
cooling and refrigeration apparatus, for Instance, chlp- 
rodifluoromethane (R22, boiling point -40.8 ^C) or the 
like have been used. However. R22 or the like become 
the object of the fluorine regulation because they de- 
stroy the ozone layer by their high latency of ozone de- 
struction, when they are released in the atmosphere and 
attain the ozone layer in the upper air of the Earth. 
[OOOiB] The destruction of this ozone layer is provoked 
by chlorine group {C1) in the refrigerant. There, refrig- 
erants not containing chlorine group, for example, alter- 
native refrigerants such as difluoromethane (HFC-32, 
R32, boiling point -52 **C) or others have been proposed; 
however, they ended up by being included in gases to 
be regulated by The 3rd Session of the Conference of 
the Parities to the United Nations Framework Conven- 
tion on Climate Change, Kyoto, 1997, because Global 
Wanning Potential (GWP) is 1300 to 1 900, and their use 
comes to be difficult. 

[0007] I n such trend of attaching Importance to the en- 
vironment, natural refrigerants such as COg or others 
existing in the natural worid and imposing less load to 
the environment attract attention, because they are free 
from ozone layer destruction effect, combustibility or 
toxicity and, furthemnpre, they are extremely friendly to 
the environment as their global warming potential 
(GWP) is 1. and in addition, they are economical. 
[0008] Nonetheless, in case of applying COg refriger- 
ant to a refrigeration circuit, as a high operation pressure 
equal or superior to 3 times (for instance, 10 megapas- 
cals) compared to the refrigerant for air-conditioner of 
the prior art is required, there is a problem of cloisness 
of the compression chamber in the single stage conv 



pression system compressor structure of the prior art, 
and for example, it can only compress to the level of 6 
megapascals, and there was a problem that COg could 
not be used as refrigerant. 

5 [0009] There, a two-stage compression system com- 
pressor for compressing COg from 3 megapascals to 6 
megapascals (intennediate pressure) in the first stage 
and, further, compressing from 6 megapascals to 10 
megapascals in the second stage before discharging 

10 has been proposed. 

[0010] It has been proposed to use COg as refrigerant 
for hybrid cars and idle stop coping cars taking electricity 
and gasoline as energy source, battery cars taking only 
electricity as energy source, or other vehicles, perform 

15 the cooling by loading a refrigeration circuit provided 
with a two-stage compression system compressor driv- 
en by electricity, and perform the heating, on the other 
hand, by the heat of the chilled water for cooling the en- 
gine.. 

20 [0011] Whatsoever, the waste heat of such vehicles 
is low, and there was a problem that a sufficient heating 
could not be performed. 

[0012] It is an object of the present invention to pro- 
vide an on-vehicle air-condltloncr that can solve prob- 

25 lems of the prior art, and perfomn effectively cooling, 
heating, dehumidiflcation, or others, even in case of us- 
ing CO2 refrigerant, in vehk:ies of low waste heat, such 
as hybrid cars taking electricity and gasoline as energy 
source, idle stop coping cars or battery cars taking only 

30 electricity as energy source, or other vehicles. 

Disclosure of the Invention 

[0013] The Inventors have studied diligently to solve 
35 problems of the prior art, found that the problems can 
, be solved by cooling by loading on board a refrigeration 
circuit using for example CO2 refrigerant, and provided 
with an electrically driven two-stage compression sys- 
tem compressor and, at the same time, installing a re- 
40 f rigerant heat exchanger for cooling the refrigerant com- 
pressed in the first stage in a way to exchange heat with 
the car Interior air, and using also for healing conven- 
iently together with the heat of the cooling water for cool- 
ing the engine, and thereby came to realize the present 
45 Invention. 

[0014] In short, the on-vehicle air-conditioner of claim 
1 of the present invention is an on-vehicle air-condition- 
er comprising: 

50 a refrigeration circuit having a two-stage compres- 
sion system compressor for cooling the refrigerant 
compressed in the first stage by a refrigerant heat 
exchanger, and compressing further the chilled re- 
frigerant in the second stage before discharging, 

55 and an evaporator installed in a way to exchange 
heat with the car interior air, a cooling water circuit 
provided with a cooling water car interior heat ex- 
changer for heating, where the engine cooling water 
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circutales, installed in a way to exchange heat with 
the car interior air, and a damper apparatus for con- 
trolling the air course of whether or not passing the 
car interior air through the evaporator and/or cool- 
ing water car interior heat exchanger for heating, 
wherein: 

the refrigerant heat exchanger is Installed in a 
way to exchange heat with the car Interior air, 
allowing to use for car interior heating together 
with the cooling water car interior heat ex- 
. changer for heating. 

[0015] The on-vehicle air-conditioner of claim 2 of the 
presjent invention, is the on-vehicle air-conditioner of 
claim 1 , wherein the refrigerant is CO2. 

Brief Description of the Drawings 

[0016] 

Fig. 1 is an illustrative drawing of a refrigeration cir- 
cuit provided with a two-stage compression system 
compressor to be used for the present invention and 
an evaporator to be used as refrigerant car Interior 
heat exchanger; 

Fig. 2 is a Moiiere diagram in the refrigeration circuit 
shown in Fig. 1 ; 

Fig. 3 is a block diagram of first embodiment of the 
on-vehicle air-conditioner of the present invention; 
Fig. 4 is a block diagram of another embodiment 
(heating mode) of the on-vehicle air-conditioner of 
the present invention; 

Fig. 5 is a block diagram of another embodiment 
(cooling mode) of the on-vehicle air-conditioner of 
the present invention shown in Fig. 4; and 
Fig. 6 is a block diagram of another embodiment 
(dehumidification mode) of the on-vehicle air-con- 
ditioner of the present invention shown in Fig. 4. 

Best Mode for Carrying out the Invention 

[0017] Now, embodiments of the present invention 
are described in detail using drawings. 
[0018] In Fig. 1, a two-stage compression system 
compressor 1 to be used for the present invention com- 
prises a motor 4 having a drive shaft 3 above In a closed 
vessel 2 and a first stage compression mechanism (ro- 
tary system) 5 to be driven by the drive shaft 3 at the 
lowest part in the closed vessel 2 and a second stage 
compression mechanism (rotary system) 6 in a way to 
interiock with a phase difference of 1 80 degrees, a low 
pressure refrigerant (3 megapascals) is sucked by the 
first stage compression mechanism (rotary system) 5 
parsing through F A as shown by. the arrow, the re- 
frigerant gas compressed to an intenmediate pressure 
(6 megapascals) splits partially into the closed vessel 2, 
while the other splits to an external piping, refrigerant 



split into 2 paths joins again outside the closed vessel 
2, thereafter, passes through B and is cooled down in 
the refrigerant heat exchanger 7, and the cooled refrig- 
erant passes through C and is sucked into the second 
5 stage compression mechanism (rotary system) 6 and 
compressed to a high pressure (1 0 megapascals) , be- 
fore being discharged from the two-stage compression 
system compressor 1 . 

[0019] The refrigerant discharged in such a way pass- 
10 es through D and is cooled by a gas cooler 8 before be- 
coming supercritical state, while the cooled refrigerant 
passes through E, evaporates in an expansion valve 9 
-> evaporator (refrigerant car interior heat exchanger) 

10, generates a cold heat and becomes a low pressure 
t5 refrigerant, in a way to use the refrigerant cyclically and 

compose a refrigeration circuitn . 
[0020] A to F in the Mollere diagram of Fig. 2 corre- 
spond to respective points A to F in the refrigeration cir- 
cuit of Fig. 1 . B — > B' D in Fig. 2 shows the case where 
20 the refrigerant compressed in first stage compression 
mechanism (rotary system) 5 is not cooled by the refrig- 
erant heat exchanger 7, but compressed further by sec- 
ond stage compression mechanism (rotary system) 6, 
for elevating the refrigerant temperature furthermore. 
25 [0021] The energy corresponding to the area shown 
by oblique lines surrounded by B C — > D — > B* — > B is 
equivalent to the reduction of power required for driving 
the two-stage compression system compressor 1 
through the cooling of the refrigerant by the refrigerant 
30 heat exchanger 7. 

[0022] In Fig. 3, repetition of description is omitted by 
affording Identical reference symbols to the same com- 
ponent parts as component parts shown In Fig. 1 to 2. 
[0023] Fig. 3 shows the composition of first embodi- 
es ment of the on-vehicle air-conditioner of the present in-- 
vention, comprising necessarily a refrigeration circuit 

11 , a cooling water circuit 12, a damper apparatus 30 
for controlfing the flow of car interior air, or others. 
[0024] The cooling water circuit 12 has a so-called 

40 cooling water car exterior heat exchanger 1 3 where the 
cooling water circulates for cooling a not shown engine 
such as internal combustion engine or others, a cooling 
water car interior heat exchanger for heating 1 4 installed 
in the car interior side for exchanging heat between the 

45 car interior air and the cooling water, a pump 1 5 for cir- 
culating cooling water among them, or others. 
[0025] |n addition, a refrigerant heat exchanger 7 for 
cooling the refrigerant compressed by the first stage 
compression mechanism 5 is installed forward in the vi- 

50 cinity of the cooling water car interior heat exchanger for 
heating 1 4. . 

[0026] The installation position of the refrigerant heat 
exchanger 7 is not particulariy limited; however, it is pref- 
erable to installed in front of the cooling water car interior 
55 heat exctianger for heating 14, because this allows to 
increase the area shown by oblique lines surrounded by 
Br-> C D -> B' B shown in Fig. 2, and reduce more 
the force required for driving the two-stage compression 
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system compressor 1 

[0027] In the following description, what is cooled by 
the cooling water is supposed to be the aforementioned 
engine and described as such; however, in the present 
invention, it is not limited to this, but it may be what is 
aiming at the cooling of power control elements in the 
electric car. 

[0028] In case of cooling by means of the refrigeration 
circuit 11, cold heat is generated in the evaporator 10 
by circulating the refrigerant as shown by the continuous 
line, the car interior air is delivered to the evaporator 10 
by a not shown fan, whereby, the refrigerant exchanges 
heat with the car interior air, evaporates and returns to 
the two-stage compression system compressor 1 . As 
the heat for evaporating the refrigerant Is delivered from 
the car interior air. the temperature of the car interior air 
lowers as much, cooling the car interior. 
[0029] It should be appreciated that, at this time, if the 
car interior air thai has exchanged heat with the evapo- 
rator 1 0 is sent to the refrigerant heat exchanger 7 and 
the cooling water car interior heat exchanger for heating 
14, the temperature of the car interior air once cooled 
elevates; therefore, a damper apparatus 30 moves to 
the position shown by the continuous line in orderto pre- 
vent the car interior air from entering the refrigerant heat 
exchanger 7 and the cooling water car interior heat ex- 
changer for heating 1 4. 

[0030] On the other hand, during the heating opera- 
tion, a pump 15 is driven at the same time as the vehicle 
is driven, the cooling water circulates, and the heating 
by the cooling water circuit 12 is perfomned and. In ad- 
dition to this, the heating by the refrigerant heat ex- 
changer 7 Is perfomned in orderto refrigerate the refrig- 
erant compressed by the first stage compression mech- 
anism 5. 

[0031 ] By setting the damper apparatus 30 at the dot 
line position, the car interior air is sent by a not shown 
fan and dehumidrfied by the evaporator 10, the dehu- 
midified car interior air is sent to the refrigerant heat ex- 
changer 7 and the cooling water car interior heat ex- 
changer for heating 14 and heated for perfonming the 
heating. 

[0032] The damper apparatus 30 may be set at a po- 
sition between the position shown by the dot line posi- 
tion and the position shown by the continuous line, in 
order to pertomn similariy dehumldif icatlon by the evap- 
orator 10, and the heating by the refrigerant heat ex- 
changer 7 and the cooling water car interior heat ex- 
changer for heating 14. 

[0033] In this exiample, an example of settirig the 
damper apparatus 30 between the evaporator 10 and 
the refrigerant heat exchanger 7 has been illustrated, 
the setting position of the damper apparatus 30 is not 
limited to this, but it is also possible to heat by sending 
the cai- interioi- air only to the refrigerant heat exchanger 
7 and the cooling water car interior heat exchanger for 
heating 1 4. by prevent the car interior air from exchang- 
ing heat through the evaporator 1 0, for instance, during 



the heating operation. 

[0034] Fig. 4 to Fig. 6 are block diagrams of other em- 
bodiments of the on-vehicle air-conditioner of the 
present invention. 
5 [0035] In Fig. 4 to Rg. 6, repetition of description is 
omitted by affording identical reference symbols to the 
same component parts as component parts shown in 
Fig. 1 to 3. 

[0036] Fig. 4 shows the composition of another em- 
10 bodiment (heating mode) of the on-vehicle air-condition- 
er of the present invention, a four-way valve 16 is in- 
stalled in the refrigeration circuit 1 1 . and the refrigerant 
can be circulated in the direction shown by the continu- 
ous line or, as necessary, in the opposite direction by 
15 switching over the four-way valve 1 6. 

[0037] In addition, a refrigerant heat exchanger 7 and 
a cooling water car Interior heat exchanger for heating 
14 are installed In a duct tube 17 (a kind of damper ap- 
paratus used in the present invention), air heated 
20 through heat exchange by making the car interior air into 
contact with the refrigerant heat exchanger 7 and the 
cooling water car interior heat exchanger for heating 14 
by a fan is sent into the car interior from either direction 
shown by a continuous line or broken line arrow and, at 
25 the same time, the car interior air and/or car exterior air 
is made into contact with a gas cooler 8 in the refriger- 
ation circuit 11 , heated by heat exchange, and sent to 
the car interior. A sufficient heating can be performed, 
because the refrigerant heat exchanger 7, cooling water 
30 car interior heat exchanger for heating 1 4 and gas cooler 
8 are used for heating the car interior air. 
[0038] Fig. 5 shows the composition of another em- 
bodiment (cooling mode) of the on-vehicle air-condition- 
er of the present invention, and in this cooling mode, the 
35 refrigerant can be circulated In a direction opposite to 
the direction shown by the continuous line in Fig. 4 by 
switching over the four-way valve 1 6, and the evapora- 
tor 10 is used as gas cooler and the gas cooler 8 as 
evaporator. 

40 [0039] There, a shutter 1 B (a kind of damper appara- 
tus used in the present invention) installed between a 
refrigerant heat exchanger 7 installed in a duct tube 17 
(a kind of damper apparatus used in the present inven- 
tion) and a cooling water car interior heat exchanger for 

45 heating 14 is closed as shown, air heated through heat 
exchange by making Into contact with the cooling water 
car Interior heat exchanger for heating 14 by a fan is 
discharged outside the vehicle and, at the same time, 
air is prevented from coming into contact with the refrig- 

50 erant heat exchanger7; whereby, a sufficient cooling can 
be perfomried, because the car interior air exchanges 
heat by making contact with the evaporator 8(10), while 
air heated through heat exchange with the refrigerant 7, 
cooling water car interior heat exchanger for heating 14 

55 does not circulate in the vehble. 

[0040] Rg. 6 shows the composition of another em- 
bodiment (dehumldif teation mode) of the on-vehicle air- 
conditioner of the present invention, and in this dehu- 
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midmcation mode, the refrigerant is made to circulate in 
the same direction as Fig. 5 by switching over the four- 
way valve 16 similarly to Fig. 5, and the evaporator 1 0 
is used as gas cooler and the gas coolers as evaporator 
[0041] Then, a shutter 1 8 (a kind of damper apparatus 
used in the present invention) installed between a re- 
frigerant heat exchanger 7 installed in a duct tube 17 (a 
kind of damper apparatus used in the present invention) 
and a cooling water car interior heat exchanger for heat- 
ing 14 is closed as shown, air heated through heat ex- 
change by making into contact with the cooling water 
car interior heat exchanger for heating 14 by a fan is 
discharged outside the vehicle and, at the same time, 
air dehumidified through heat exchange by making the 
car interior air into contact with the evaporator 8 (10) is 
directed to a refrigerant heat exchanger 7, and an air 
controlled thereby to an appropriate temperature is sent 
Into the vehicle from a predetemiined point of the duct 
lube 1 7. HumidificationAemperalure control can be per- 
formed easily, because the air that has exchanged heat 
with the cooling water car interior heat exchanger for 
heating 14 does not circulate in the vehicle. 
[0042] It should \f>e appreciated that the description of 
the aforementioned embodiments is only Ulustrativo of 
the present invention and does not intended to limit the 
invention described in what is claimed, nor reduce the 
scope. Moreover, the composition of respective parts of 
the present invention in not limited to the aforemen- 
tioned exarnples, but can be modified variously without 
departing from the technteal scoped described in the 
claims. 

[0043] In Fig, 1 to 6, .1 indicates a two-stage system 
compressor, 2 a closed vessel, 3 a driyeshaft, 4 a motor. 

5 a first stage compression mechanism (rotary system), 

6 a second stage compression mechanism (rotary 
system) , 7 a refrigerant heat exchanger. 8 a gas cooler, 
9 an expansion valve. 10 an evaporator. 11 a refrigera- 
tion circuit, 12 a cooling water circuit, 13 a cooling water 
car exterior heat exchanger, 14 a cooling water car in- 
terior heat exchanger for heating, 15 a pump, 16 a four- 
way valve, 1 7 a duct tube and 1 B a shutter 

[0044] The on-vehtele air-conditioner of claim 1 of the 
present invention is an on-vehicle alr-condltioner conn- 
prising a refrigeration circuit having a two-stage conn- 
pression system compressor for cooling the refrigerant 
compressed in the first stage by a refrigerant heat ex- 
changer, and compressing further the chilled refrigerant 
in the second stage before discharging, and an evapo- 
rator installed in a way to exchange heat vvith the car 
interior air. a cooling water circuit provided with a cooling 
water car interior heat exchanger for heating, where the 
engine cooling water circulates, installed in a way to ex- 
change heat with the car interior air, and.a damper ap- 
paratus for controlling the air course of whether or not 
passing the car interior air through the evaporator and/ 
or cooling water car interior heat exchanger for heating, 
wherein the refrigerant heat exchanger is installed in a 
way to exchange heat with the car interior air. allowing 



to use for car interior healing together with the cooling 
water car interior heat exchanger for heating, whereby, 
the power necessary for driving the two-stage compres- 
sion system compressor and a high efficiency driving 
5 can be realized by reducing the refrigerant temperature 
even for vehicles of low waste heat, such as hybrid cars 
taking electricity and gasoline as energy source, idle 
stop coping cars or battery cars taking only electricity as 
energy source, or other vehicles, and at the same time, 
10 during the cooling for instance, a satisfactory cooling 
can be realized by preventing the air passing through 
the refrigerant heat exchanger and cooling water car in- 
terior heat exchanger for heating from being sent into 
the vehicle, and during the heating, a satisfactory heat- 
hs ing can be realized by sending the air passing through 
the refrigerant heat exchanger and cooling water car in- 
terior heat exchanger for heating into the vehicle, and 
during the dehumidlfication, a satisfactory dehumidifica- 
lion/lemperature control can be realized by dehumidify- 
20 ing the car interior air through heat exchange by the 
evaporator of the refrigerant heat exchanger and, there- 
after, sending the air to the refrigerant heat exchanger 
for heat exchange and then into the vehicle, or othenwise 
allowing to expect the improvement of efficiency during 
25 the. heating, cooling and dehumidlfication or other re- 
markat>le effects can be offered. The on-vehicle air-con- 
ditioner of claim 2 of the present invention, using CO2 
as refrigerant, has the same effect of the on-vehicle air- 
conditioner of claim 1 , and moreover, has a remarkable 
30 effect of Imposing less load to the environment. Being 
free from ozone layer destruction effect, combustibility 
or toxicity and, furthemnore, extremely friendly to the en- 
vironment as Global Wamning Potential (GWP) is 1 , and 
iri addition, economical. 

35 

Industrial Applicability 

[0045] The industrial use value thereof is considera- 
bly important, because problems of the prior art can be 

40 resolved, and cooling, heating, dehumidlfication or oth- 
ers can be perf onned efficiently even for vehrcles of low 
waste heat, such as hybrid cars taking electricity and 
gasoline as energy source, idle stop coping cars or bat- 
tery cars taking only electricity as energy source, or oth- 

45 er vehicles, by cooling by loading a refrigeration circuit, 
using for example CO2 refrigerant, and provided with an 
electrically driven two-stage system compressor, and at 
the sarhe time, installing a refrigerant heat exchanger 
for cooling the refrigerant compressed in the first stage 

50 in a way to exchange heat with the car interior air. and 
using conveniently also for heating together with the 
heat of the cooling water for cooling the engine. 



55 Claims 

1. An. on-vehicle air-conditioner comprising: 
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a refrigeration circuit having a two-stage conn- 
pression system compressor for cooling a re- 
frigerant compressed in the first stage by a re- 
frigerant heat exchanger and compressing fur- 
ther the chilled refrigerant in the second stage 
before discharging, and an evaporator installed 
In a way to exchange heat with the car Interior 
air, a cooling water circuit provided with a cool- 
ing water car interior heat exchanger for heat- 
ing, where the engine cooling water circulates, 
installed in a way to exchange heat with the car 
interior air, and a damper apparatus for control- 
ling an air course of whether or not passing the 
car interior air through said evaporator and/or 
cooling water car interior heat exchanger for 
heating, wherein: 

said refrigerant heat exchanger Is installed 
in a way to exchange heat with the car in- 
terior air, allowing to use for heating car in- 
terior air together with said cooling water 
car interior heat exchanger for heating. 

The on-vehicle air-conditioner of claim 1, wherein 
the refrigerant is CO2. • 
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